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Abstract 
The problem of increasing the bearing capacity of the thrust bearings is a subject of numerous scientific and 
technological researches, the results of which are used by a variety of firms, but the proposed measures and 
recommendations for solving the problem are insufficient to fully compensate for increasing stresses of loads acting 
on the thrust bearings and to ensure reliable and efficient operation of the units in the entire range of operating 
conditions. 
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One of the main problems of designing and operating turbo-compressor units (TCU) is to provide for 
the axial stability of the rotors. Thrust bearings shall securely retain the unbalanced axial forces arising 
under any possible TCU operating conditions. While operating TCU, there are occurred changes in the 
sealing gaps, flowing parts and, respectively, pressure redistribution resulted in substantial deviation of 
the thrust bearing operating conditions to those, which the bearing had been originally designed for. 
Considerable influence on the amount of residual axial forces is rendered by gear couplings, and their 
influence is amplified while being in the process of operation and significantly increases compared to the 
baseline. In addition, many companies have been implementing TKU modernization to harmonize and 
ensure the required technological conditions, which is often associated with significant increasing loads 
acting on the thrust bearing.
The problem of increasing the bearing capacity of the thrust bearings is a subject of numerous 
scientific and technological researches, for example, [1], [2], [3], the results of which are used by a 
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variety of firms, for example [4], but the proposed measures and recommendations for solving the 
problem are insufficient to fully compensate for increasing stresses of loads acting on the thrust bearings 
and to ensure reliable and efficient operation of the units in the entire range of operating conditions.  
At the same time, there has been developing a direction for studying the problem concerning the use in 
the thrust bearings of the antifriction materials with various physical, mechanical and tribological 
properties, in particular, the replacement of babbit with antifriction pads in the hydrodynamic bearings 
[5]. As shown by the maintenance experience, such a replacement can extend the service life of the 
bearings at high temperatures and under off-design operating modes, but this replacement itself has no 
effective influence on the bearing capacity of the oil wedge. The use in these bearings of the individual 
supply of the lubricant along with the anti-friction pads allows to reduce the power losses for friction and 
to provide required lubricant consumption, as well as to slightly improve the bearing operating 
temperature, but the above mentioned measures are not sufficient for significant increasing its bearing 
capacity and reliability. 
In connection with the above exposed information, there is specified an actual problem consisting in 
modernization of the standard thrust bearings to increase their bearing capacity, as well as in the creation 
of the thrust bearings with the characteristics, which significantly differ from the previously developed 
ones. The TRIZ LTD Company has the experience in modernizing bearings that allows due to minor 
changes in design to increase their bearing capacity by 1.5 ... 2 times and to significantly extend their 
service life. The purpose of this article is to analyze the effectiveness of the technical solutions realized 
by the TRIZ LTD Company to enhance the bearing capacity of the thrust bearings exposing as an 
example the development of PDU-120/260 thrust bearing. 
In 2006, the Odesskij Priportovy Zavod modernized 103J TCU turbine of synthesis - gas to increase 
the productivity of the workshop of ammonia production. The modernization was performed by the 
companies of "ALSTOM Power Sp. Zoo" and "UTE Sp. z.o.o.".  
The purpose of the turbine modernization was to increase its efficiency and so, to provide for the 
parameters being necessary for achieving desired efficiency, it was required creating quite another type of 
turbine. It was necessary to perform transition from an active to reactive type of turbine. Such a change 
resulted in increasing axial force influencing on the turbine rotor. If the bearing capacity of the standard 
turbine thrust bearing was 5500 kg, then according to the technical specifications, it was necessary to 
develop the thrust part of the journal-thrust bearing with a bearing capacity of 20 000 kg on the operating 
side and 10 000 kg on the non-operating side at the turbine operating rotational speed 11 200 rpm, and the 
bearing design had to be realized keeping the previous dimensions of the standard turbine. In fact, it was 
necessary to develop a new bearing with bearing capacity being almost 4 times more than the bearing 
capacity of a standard bearing. 
The TRIZ LTD Company won a tender among the leading manufacturers of compressor equipment, 
developed and manufactured the new journal and journal-thrust bearings for the upgraded turbine (Fig. 1). 
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1 – journal pad, 
2 – scraper, 
3 – lock-screw
Draining oil from thrust part 
Fig. 1. Journal-Thrust Bearing PDU-120/260 
Reaching bearing capacity of 20 000 kg for the thrust bearing by simple increasing the diameter of the
thrust collar was impossible for several reasons, the main ones among them were a significant increase of 
the thermal emission because of high slip velocity caused by the diameter growth, and also violation of a 
laminar condition for the flow at creating the hydrodynamic wedge of the thrust pad. The two above said 
circumstances significantly reduced the bearing capacity of the thrust bearing, not forgetting about the 
fact that it would had risen owing to increasing the area of the thrust bearing pads. In addition, with 
increasing the thrust bearing dimensions, there were significantly increased the power losses due to 
friction, as well as lubricant consumption required for cooling the bearing, which the existing TCU oil 
lubricating system could not provide. In this connection, there were carried out optimization calculations 
resulting in the technical solution to restrict the diameter of the thrust collar with a value of 260 mm, 
while the diameter of the thrust collar for the standard bearing was 230 mm. 
Thus, the pressure onto the babbit surface of the thrust pad that was generated by the action of the axial 
force made 60 kg/cm2 at maximum slit velocity of 152 m/s. In this case, the slightest non-uniformity in 
the perception of an axial force by any individual pad might cause a destruction of the most loaded pad, 
which would be followed by an avalanche process of the destruction of all of the pads. For example, 
when using the traditional lever leveling system, the temperature difference between the maximum and 
minimum loaded pads can be 40 º C [2]. Thus, at the temperature of the least-loaded pad 110 º C 
(maximum allowable temperature for the pads with anti-friction babbit layer), the temperature of the 
most-loaded pad should make 150ºC. 
For a more even distribution of load among the thrust pads in the bearing, there was used the proper 
lever leveling system having increased compensating properties (Fig. 2), wherein sliding friction between 
the levers was replaced by rolling friction [6], [7]. The difference of temperatures among the pads in the 
bearings, equipped with the leveling system did not exceed 6 ° C. 
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Fig. 2. Lever Leveling System with Increased Compensating Properties: 1 – lower lever, 2 – upper lever, 3 – roller, 4 – thrust 
bearing pad 
Even with the best designed thrust pads and leveling system in the bearing of such dimensions and 
operating parameters, the total power losses because of friction makes 187 kW. To take such an amount 
of heat off, the traditional system for supplying lubricant would have to provide lube oil flow rate through 
the bearing more than 370 l/min, while oil consumption through the standard bearing makes 180 l/min. 
To solve this problem, in the bearing there were arranged two circles of lubricating oil circulation [8]. 
First, oil is supplied to the operating bearing pads. Moreover, the oil flow is organized in such a way that 
at the expense of the special configuration of the oil scraper (Fig. 3), which forms two non-
interconnecting cavities into a space between the pads, there was performed individual oil supply to the 
thrust pads and, besides, some portion of lube oil passes through the special channels in the thrust pad 
arranged under the babbit layer to cool thermally loaded zone of the pad [9]. The oil scrapers arranged in 
the spaces between the pads are multifunctional and promote to solve the following problems: 
- Creating a barrier for transportation of the hot oil film from one pad to another pad thus 
increasing the optimal factor of filling the bearing surface of the pads from 0.6 [2] to 0.9 (this change is 
illustrated in Fig. 4);  
-  Organizing an individual oil supply into the pads;  
-  Organizing an individual oil take-off from the pads;  
-  Removal of an electrostatic charge through the implementation of the scraper made of an 
electrically conductive material [10]. 
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a) 
b)
Fig. 3. Operating thrust part of PDU-120/260 bearing: ɚ) – thrust pads; b) – interpads space  
1 – housing; 2 – oil supply channels; 3 – interpads space; 4 – oil take-off channels to drain; 5, 6 – self-adjusting thrust pads; 7 – 
channels for cooling oil at the inlet edge; 8 – channels for cooling oil at the thermally loaded area; 9 – pad inlet area; 10 – thermally 
loaded area; 11, 12 – multifunctional oil scrapers, 13 – scraper bridge at the drainage site, 14 – scraper bridge in the area for cooling 
oil supply, 15 – cavity communicating with cooling oil inlet channels, 16 – cavity communicating with oil outlet channel to drain, 
17 – scraper back, 18 – scraper front surface 
Owing to such a design, there reduces the temperature of the bearing oil wedge, increases bearing 
capacity on the working side, is prevented the electro-erosion wear of the pads.  
Further, the hot oil after the pads is applied to the non-operating group of the pads (Fig. 1) and due to 
the fact that the oil is supplied having the lower viscosity than at the inlet of the bearing, there are reduced 
the power losses due to friction and decreased the reactive axial force acting from the side of the non-
operating group of the pads. Owing to the rational system for supplying lubricant, the oil consumption
flow rate required for cooling the bearing, was lowered to 235 l/min, which made it possible to use the 
standard oil lube system in the above said unit. 
To maintain the laminar condition for the oil flow at the inlet of the hydrodynamic wedge, on the front 
edge of the thrust pad, there was performed the hyperbolic entering surface preventing vortex formation. 
153 V. Martsinkovsky et al. /  Procedia Engineering  39 ( 2012 )  148 – 156 
Moreover, it was specially provided for additional cooling the upper portion of the front edge of channel 
7 (Fig. 3), preventing the reduction of the oil viscosity at the pad inlet and, thus, promoting preservation 
of the laminar flow regime [9]. 
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Fig. 4. Dependence of maximum load p withstood by the bearing on the fill factor k  
While working at the bearing design, it was revealed that on stopping the unit, there was possible 
availability of the condition, under which the turbine rotor began spinning in the opposite direction, and 
in that case the rotational speed could reach 4000 rpm., and the value of the axial force could make 6000 
kg acting in the direction of the non-operating pads. That fact resulted in the necessity to apply the 
reversible thrust pads on the non-operating side. However, as calculations showed, the bearing capacity 
on the non-operating side, entirely consisting of the reversible pads, totaled less than 8000 kg that was 
less than the bearing capacity of 10 000 kg, which was required in compliance with the technical 
specifications on that side for the condition at operating rotation. It is known that non-reversible thrust 
bearing pads have a greater bearing capacity in comparison with the reversible pads. However, they have 
practically zero bearing capacity at the reverse (off-design) direction of the rotor rotation and, and they 
are not able to provide the perception of the axial force under such a condition. To solve this technical 
problem, it was taken a decision to design the non-operating part of the thrust bearing as a part of the 
combined type, wherein there alternately mounted non-reversible and reversible pads [9]. 
In such a design, at the operating direction of the rotor rotation, non-reversible and reversible pads
operate in conjunction with each other, and the bearing capacity of such a bearing is higher than that of a 
similar bearing with the reversible pads. At the reverse rotation, there operate only reversible pads, 
creating the bearing capacity that is necessary for that non-standard situation. In this case, non-operating 
side of the thrust bearing has four reversible pads and four non-reversible ones (Fig. 5). To insure the 
reverse operation of the bearing, in the interpads channels there are installed the reversible oil scrapers 
that are designed to allow them performing their functions irrespective of the direction of the rotor 
rotation. For operating direction of the rotation with the rotational speed of 11 200 rpm, the bearing 
capacity of the non-operating side makes 12000 kg, and at the reverse rotation with the rotational speed of 
4000 rpm, it makes 6000 kgf. 
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1 - non-reversible thrust bearing pad 
2 - reversible thrust bearing pad
Operating direction of rotation
Fig. 5. Combined non-operating thrust part of PDU-12/260 bearing 
Thus, the joint setting of the non-reversible and reversible thrust bearing pads into the thrust bearing 
makes it possible to get a bearing design that combines the high bearing capacity at the forward direction 
of rotation on the operating conditions with the required bearing capacity at the reverse rotation on the 
non-standard operating conditions. 
This thrust bearing was designed, engineered and produced by the TRIZ LTD Company, and in 2006 it 
was installed at the modernized TC turbine of the synthesis-gas plant for the workshop of ammonia 
production at the Odesskij Priportovy Zavod (Fig. 6). Since that moment the bearing has been 
successfully maintained, contributing to the reliable and effective operation of the turbine. 
Fig. 6. Mounting journal-thrust bearing PDU-120/260
Owing to the technical decisions invented and used by the TRIZ LTD Company specialists in the 
design of the thrust bearing assembly unit, there was provided the modernization of the turbine directed to 
improvement of its effectiveness resulted in reduced steam consumption by 12 t / h. In 2009, there was 
made a similar upgrade of another turbine at the Odesskij Priportovy Zavod, as well as at JSC Kuibyshev 
Azot. In 2010, there were upgraded two turbines at the JSC Akron and JSC Kemerovo Azot.  
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Comparative characteristics of the standard and the newly developed thrust bearings for synthesis gas 
TC turbine pos.103 JT are given in the table. 
Table 1.Comparative characteristics of the bearings for turbine, pos. 103JT, Odesskij Priportovy Zavod
Bearing Direction 
of the 
Rotation 
Bearing 
Capacity, 
kgf 
Circumfere
ntial 
velocity at 
mean 
radius, V, 
m / s 
Speed at 
the 
periphery, 
Vp, m/s 
Specific 
pressure, 
Pspes, 
kgf/ɫm2
Factor 
Pspes⋅V, 
kgf/ɫm2⋅
m/s 
Specific 
consumpti
on of 
lubricants 
l/min/t 
O
pe
ra
tin
g 
sid
e
PɈU-120 
(standard, 
reversible) 
Operating 5500 102 131 24 2448 33 
PDU-120/260 
(designed 
non-
reversible) 
Operating 20000 113 153 56 6328 12 
N
on
-O
pe
ra
tin
g 
sid
e
PɈU-120 
(standard, 
non-
reversible) 
Operating 263 102 120 4,9 500 690 
PDU -
120/260 
(designed 
reversible) 
Operating 12000 113 153 33 3729 20 
Reverse 6000 40 55 17 680 40 
An important criterion for evaluating the effectiveness of the thrust bearing is the specific consumption 
or the ratio of the lubricant flow rate to the bearing capacity of the bearing. As can be seen in the Table, 
from this point of view, the set of technical decisions implemented in the newly developed bearing PDU-
120/260 for the upgraded turbine, have been proved effective. This bearing almost 4 times exceeds the 
standard one concerning the bearing capacity index, with the specific lubricant consumption being almost 
3 times less than that for the standard bearing. 
From this analysis one can conclude that the technical decisions developed by the TRIZ LTD 
Company specialists, when designing the new thrust bearing for TC turbine of synthesis gas, provide 
developing the reliable thrust bearings with the characteristics, which significantly exceed those of the 
existing thrust bearings, and solve the problems associated with the perception of axial loads on the 
transient and off-design conditions, ensuring reduction of specific consumption of lubricants. These 
patented technical decisions are: 
•Two circles of lubricating oil circulation;  
• Multifunctional oil scrapers;  
• Hydrostatic unloading of the thrust collar;  
• Lever leveling system with improved compensating properties, TRIZ;  
• Tangential cooling the pad periphery for preservation of the laminar flow regime; 
• Radial cooling of the thermally loaded area of the pad to reduce the temperature of the bearing oil 
wedge; 
• Combined thrust bearing with alternately installed reversible and non-reversible pads; 
• Reverse oil scrapers. 
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